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PROVISIONAL SPECIFICATION 

tot the iavetition entitled: 

"Polymeric compositioas** 

The invention is described in the foliowing statement: 



o^oi^\ioomivisiaNAL$«i5)i9MLXix.ixx:- Muia 



POLYMERIC COMPOSITIONS 



The present invention telates to polymeric composMons vMch have useful fire resistant 
properties and which ms»y be used in a variety of plications, TTie imrcudon also relates 
5 to tiie preparation ofsuch compositions and to tbeir use. 

Passive fire protection of structures and components is an area that is receiving increased 
attention. In this context flie term "passive' means the use of materials that impart fire 
Tesistance. Passive fire protection systems are mod extensively tooughout the buUding 
10 and transportation industries and typically function by counteracting the movement of heal 
and/or smoke, by sealing holes, by prolonging stability of stnictDres to which the system is 
applied and/or by creating thermal and/or physical barriers to the passage of fire, heat and 
smoke. 

15 One particular area of interest is electric cables for non-aerial plications. These typically 
conast of a central conductor sunounded by at least an insulating layer. Such cables find 
widespread use m braidings and indeed fbim the basis for almost all electric circuits in 
domestic, office and mdustrial buildmgs. In some applications, e.g. in emergency power 
siqiply circvuits, there is a requirement for cables thai continue to operate and provide 

20 cirouit integrity even when su1:oected to fire, and there is a wide range of standards for 
cables of tius type. To meet some of tiiese standards, cables are typically required to at 
least maintain electrical circuit integrity when heated to a specified terapwature (e.g. 650. 
750, 950, 1050*'C) in a prescribed manner and for a specified time (e.g. 15 min., 30 min., 
60 min., 2 hours). In some cases the cables are sutaected to regular mechanical shocks 

25 during the heating stage. For example, th^ may be sutgected to a water jet or spray eithw 
in the later stages of heating cycle or after the heating st^e. In real fiies parts of a 
cable -will probably be exposed to a wider rai^e of tempoatores for even greater variations 
in duration. To meet a given standard a cable is typically required to maintain curcuit 
integrity tiuoughout the test Thus it is important that llie insulation maintains low 

30 conductivity (even after prolonged heating at high teniperatures), mamtains its shape so it 
does not shrink and ctadc, and is mechanically strong, particularly if it is required to 
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rcmain in place during shock such as that resulting fiom mechanical impact duo to water 
jet or Spray exposure. 

One method of improvit,g the hi^ temperature perfonnance of an insulated cable has been 
5 to wrap the conductor of th^ cabl e yAlh tape made with glass fibres and coated v»dth mtca. 
Such tapes arc wrapped around the conductor during production and then at least one 
insulative layer is appUed. Upon bdng exposed to incteasmg ten^ei«t«««.. the outear 
layeKs) art degraded and faU away, but the glass fibres hold the mica in place. THese 
tapes have been found to be effective for mamtainmg circuit integrity m fires, but are qurtc 
10 expensive. Further, the process of wr^ing the tape around the conductor is «datively 
slow compared wiA other cable producdon steps, and thus wrappmg the tape slows overall 
production of the cable, again adding to the cost A flie resistant coating that could be 
applied during the production of the cable by extrusion, thereby avoidmg the use of tapes, 
would be desirable. 

A variety of materials have been used to impart fire resistance to structures and 
components. The use of compositions based on sUicone elastomers has found widespread 
use. However, these compositions tend to have the associated disadvantage that Ifaey are 
converted to powdery substances when exposed to fire because the organic components of 

20 the siUcone elastomer are pyrolised or combusted. Ihe pyrolysis or combustion products 
are volatilised and leave an morgBnicreadue or ash that has litaemherentstr^^ This 
residue is generally not coherent or self-supportmg and indeed is often easily broken, 
dislodged or collapsed, ms behaviour mitigates against using silicone elastomers as 
passive fire protecliott etements. This means that silicone polymers used as insulation on 

25 electric cables must be protected and held in place with physical supports such as inorganic 
tapes and braids or metal jadtets. Composifions m accordance with the present invention 
may form a physicaUy strong coheieirt layer around an electrical conductor and therefore 
do away with the need to use such physical supports. 

30 Specifically, the present invention provides a fire resistant composition wHch comprises a 
Silicone polymer and inorganic material, and which may be converted into a solid ceramic 
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xnatBrial after firing at elevated temperatuics. In contort a ceramic is an inorganic 
non-mctaUic soUd material prepared by higji temperatiire processing (eg. above about 
400*C). The inventian sedcs to provide fiie resistant compositions which do not undergo 
any substantial change in dimenaons when exposed to fiw and whidi arc capable of 

5 providing a residual coating that has improved coherence and physical properties across 
the range of temperatores that would typically be encountered in a fire. Such composilions 
would have widespread appUcation in providing fire resistance to structures and 
components ihereof. The compoations are particularly useM for proviiBng fire resistant 
insulation for electrical cables as 4ey may provide suitably high electrical resistivity and 

10 breakdown strength, even after prolonged heafing at high temperature. 



( 



In one embodiment, the present invention provides a fire resistant comporition comprising; 
a silicone polymer; and 

mica in an amount of up to 30% by weight based on the total wdght of the composition, 
15 wherein the type and particle size of the mica are selected in order to provide properties 
e^opriate for the intended use of the composition. 

It has been found that compdsitions in accordance wi& the present invention may form a 
coherent ceramics product when exposed to elevated temperatures and tbat this product 
20 exhibits desirable physical and mechanical properties. It is a further advantage of the 
compositions of the present invention tiiat ttiis type of coherent product with desirable 
physical and mechanical properties can be formed at temperatures well below 1000**C. 

Ihc compositions of the invention may be used in a variety of applications where it is 
25 desired to impart fire resistance to a stnioture or component The compositions are 
therefore usefiil as passive fire protection systons. In accordance with the present 
invention die properties vMch tiie compositions arc desired to exhibit when exposed to tixc 
range of elevated temperatures commonly associated with a fire may be manipulated by 
suitable dboice of the type and particle size of Ihe mica v^ch is used. In other words, the 
30 iTOsent invention allovra the properties of the compo^ons to be tailored to the intended 
cad use. This is discussed in greater detail below. 
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The compositions of the present invention include as an essential compon^t a silicone 

polymer. The nature of the siUoone polymer i» not especiaUy critical a 

art will be avrare as to the type of polymers which may be used. Useful silicone polymers 

5 are described in detafl in the prior art incJuding US 4,184,995, US 4,269, 753, US 

4;269,757 and US 6,387,518. By way of more specific illustration, the silicone polymer 

may be an organopolysiloxane composed of units of formula: 

R^Si04^, 
I"" 

in which 

1 0 R may be idcixtical or different and are unsubstituted or substituted hydrocarbon radicals, r 
isO, 1,2 or 3 and has an average numerical value of from L9to2.L 

Examples of hydrocarbon radicals R are alkyl radicals^ such as the methyl, ethyl, n-propyl» 
isopropyl. n-butyl, isobu^l, tert-bu^yl, n-paiQd, isopentyi, neopentyU tert-pentyl and hexyl 

15 radicals, such as n-hexyl, heptyl radicals, such as the n4ieptyl« octyl radicals, sudi as the n- 
ocQfl, and isooctyl radicals, such as the 2;2,4-tTimethylpentyl, nonyl radicals^, such as the n*- 
nonyl, decyl radicals, such as the n-decyl» dodecyl radicals, such as the n-dodecyl, 
ocladecyt radicals, such as the nroctadecyl; cycloalkyl radicals, such as cyclopentyl» 
cyclohexyl and cycolheptyl and methyl cyciohexyl radicals; aryl radicals, such as die 

20 phenyl, biphenyl, napthyl and andiryl and phenanthryl; alkaryl radicals, such as o-, m- or 
p-tolyl radicals, 3Qrlyl and ethylphenyl radicals; and andkyl radicals^ such as ben2yl and a- 
and p-phenylcthyl. 

Examples of substitined hydrocarbon radicals R arc halogenated alkyl radicals, such as 3- 
25 chloiopropyl, the 3.33-trifluoropropyl and the perfluoroh«ylcthyl and l^o^nated aryl, 
such as the p-chlorophenyl aad the p-cUoroben^yL 

The radicals R ate preferably hydrogen atoms or hydrocarbon radicals having &om 1 to 8 
carbon atorns, preferably methyl. Other examples of radicals R are vinyl, allyl, meihallyl, 
30 l-propenyl, l-butenyl and l-pentenyl, and 5-hexenyl, butadienyl, hexadienyl, 
cyclopentenyj, cyclopentadicnyl, cyclohexenyl, ethynyl, propargyl and l-propynyl. The 
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radicals R are preferably allamyl radicals having fiom 2 to 8 carbon atoms, particularly 
vinyl. 

The end groups of Hie polymers may be triallgrlsiloxy groups, for example trimethyialoxy 
5 or dimethylvinylsiloxy groups, or dCTved groups vAere one or more of the alkyl groups 
has been replaced by hydroxy or alkoxy groups. 

The coxsqfKDsition may include one or more tbm one crosslinkable silicone poiymer* The 
ctosslinkable polymer can be any one which can be crosslinked by any one of the methods 

10 used for commercially available organopolysiloxane polymers including by fiee radical 
crosslinking with a peroxide through the formation of ethylenic bridges between chains, by 
addition reactions including reaction of silylhydride groups with allyl or vinyls groi:^ 
attached to silicon, through condensation reactions including the reactions of silanols to 
yield Si-O-Si crosslinks, or using other reactive groups. Depending on the type of silicone 

1 5 polymer used the composition will therefore further comprise a suitable crosslink'mg agent 
Suitable crosslinkuig agents are commercially avidlable. for example there is a wide range 
of useful peroxides suitable for use in this application^ such as dibenzoyl peroxide, bis 
(2,4-dichloroben2Joyl) peroxide, dicumyl peroxide or 2,5-bis(tert-butylporoxy)-2,5- 
dimethylhexene or also xxiixturcs of these, and when ^propriate they may be included in 

20 the composition during the compounding process* 

Ibe silicone polymers that can be used also mcludc platinum catalysed Uquid silicone 
polymers with unsaturated (typically vinyl) side chains that crosslink through the 
application of heat in an addition reaction. Such polymers are usually st^lied as two 

25 components that are mixed together just prior to u$e- The viscosity of these polymers 
ranges fiom pourable liquids through to stiff pastes, llie silicone rubber compositions may 
also comprise a room temperature moisture-curable organopolysiloxane (JRTV), for which 
an example is given in more detail in US S02329S. Tn this case it comprises: (a) an 
diorganopolysiloxanc having temiinal hydroxyl groiqps (b) cross-linking agent having an 

30 average of at least 3 hydrolysable fimctional groups linked to a silicone atom per molecule 
(c) a condensation catalyst and (d) a platinum metal or compound Other room temperature 
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curing systems possessing alkyl silicate and metal salts o£ catboxylic acids as one part 
which is coxnbided with the silanol ead stopped diorganopolysiloxane and inert filler as the 
other pait, as for example described in US 418499S will also be included. 

Another type, especially suitable for cable insulation, is Avfaere the silicone polymers is of 
high molecular weight and has vinyl side chains that require heat to crosslink, either 
through platinum catalysed adc&tion reactions or peroxide initiated free radical reactions. 
These silicone polymers are widely available commercially from mcgor silicone producers. 

The oi:ganopolysUoxane raw materials prefieiably also comprise r^nfordng fillers such as 
precipitated or pyrogenic silicas and/or non-^reinforcing fillers. Further, the surfiice of tibcsc 
silica type fillers may be modified by straight or branched org^nopolysiloxane^, or^no- 
chlorosilanes and/br hexameihyl disilazanes^ 

Without wishing to be bound by theory, it is believed that compositions in accordance with 
the present invention fonn a ooherent ceramic product after ^posure to elevated 
temperatures as a result of materials of lower melting pointy vAvbdi may be eutcctic 
mixtures, forming at the inter&ce of the mica particles and inorganic compounds formod 
firom the silicone polymer. Ordinarily, silicon dioxide particles and other compounds 
formed fix^m decomposition of silicone polymers and the mica each have melting pointe 
well above lOSO^C, However, the eutectic 4iat forms at (he interface melts at a lower 
temperature. This material is believed to act as a ^ridj^" between the silicon dioxide 
particles and/or othor compounds formed from decomposition of silicone polymer and the 
mica, thereby solidt^ing the cooqposition at the firing temperatme. Upon coolij]^, a 
coherent ceramic product is formed and this has been found to be self-supporting and able 
to withstand at least minor mechanical impacts or shocks. 

The compositions in accordance with (he present invention include mica as an essential 
component. The two most common classes of commercially available mica arc mascovitc 
and phlogopite. Muscovite mica is a dioctahedml alkali aluminimn silicate. Muscovite 
has a layered structure of aluxninium silicate sheets weakly bonded together by layers of 
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potasstum ions. It has the foUowing composition KAljSiaOioCOHOz. Phlogopite mica is a 
trioctahedral alkali aJuminium silicate. Phlogopite has a layered structure of magnesiwn 
aluminium siUcate sheets weakly bonded together by layers of potassium ions. It has (he 
following compoation KM83AlSi30,o(OH)2 . Both mica types are typically present ia the 
5 form oftfain pistes or flakes having sharply defined edges. 

Compositions containhig phlogopite mica display greater mechanical strength when heated 
to about lOOO'C to form ceramics. However, they also show gfeater shrmkage than those 
contaming muscovite nrica. The use of muscovitc mica is ptefeacd m appUcafions where 
10 greater dimensional stability is required. » has been found that the high temperature 
electrical properties of aUcone polymer compositions of ftc present mventlon are slightty 
better if muscovite mica is used instead of phlogopite mica. 

Commercially available grades of mica have a range of particle size distributions. It has 
15 been found that the particle size of the mica also has an impact on die dimensional stability 
and mechanical properties of the ceramic product formed when a composition of the 
present invention is exposed to elevated tcnqwrature. Typically, the mica is selected so 
that it has a mean particle size of from 15 |in» to 250 vm. Micas at the lower end of this 
range (e.g. less than 50 jim mean particle size) result in ceramics that are mechanically 
20 stronger but display greater shrinkage that can result in dackmg. Thus, micas at the 
middle and upper end of the range are preferable for use in cable appUcations or other 
applications where shape retention is particularly important. Tf the mean particle size of 
the mica is too large or the amount of mica present is too high, the resultant compositi<m 
lends to be difficult to process and form into the deared configuration, for instance by 
25 exinision. In addition, the mechanical properties of crosslinked silicone polymers 
confining coarser particle size grades of mica or high mica levels are poorer. 
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The mica may be sux&oe treated wih a sHane coupling agent hi order to enhance tiie 
compatibility of the mica with tiic silicone polymer. 
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In accordance with the present invention the selection of Ae appropiiate mica type, mean 
particle size and mica level will depend on the intended application, the required 
processing properties of the composition, tibe required mechanical properties of the 
ctosalinked compo^tion, and the required strei^ and dimensional staHlity of the 
S resulting ceramic. 

llie preferred levels of mica arc 30% by weight or less. For fire resistant cable and non- 
cable applications \^ere dimensicmal stability is important, the mean parUcle size of the 
mica is preferably in the range of 50-200 pm. Muscovite mica is the type generally 
10 preferred for those 2$»plications» but greater medianical streng& after fidng at 1000^ can 
be obtained using pUogopite mica. 

In one cmbodim^ the compositions of the present invention consist essentially of the 
silicone polymer, mica and crossUnldng agent This means that the con^sitions do not 
15 contain any other component which would materially effect the properties of die 
composition and/or the ceramic foraied upon heating the composition to elevated 
temperatures. 

Surprisingly, it has also been found that the presence of low levels of glass additive in the 
20 compositions of the present invention markedly improves the mecbanical strength of the 
ceramic formed on heating the composition. Accordingly, in another enU^odiment^ the 
present invention provides a composition comprising: 
a silicone polymer; 

mica in an amount of up to 30% by wei^ based on the total, weight of the composition; 
25 an4 

a glass additive in an amount of up to 8% by weight based on the total weight of the 
composition. 

The glass additive is particularly effective at extending the range of temperatures that 
30 result in formation of ceramics with good mechanical ]^op^es» thereby improving the 
performance of these compositions in passive fire protection applications. The type and 
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mean paitidc size of the mica is typically selected based on Ihe intended tjse of th« 
oomposiiion, as already described. 

The glass additive may lake a variety of forms such as pov«Jer, frits or fibies. Mfactures of 
5 one or more of itese may be used. P«:fc™bly, the compo^or. <wises glass fats. 
irrespective of form, the glass additive preferably has a softening point below 1050-C, for 
example below BOCC. and most preferably betweea 300 and 800-C. 'Ihe softening pomt 
of a glass is defined by the tempemtuie at which the viscosity of the glass equals 10 " Pa.s. 

10 The glass additive may be one or a combhiation of siUcate. borate, phosphate and/or lead 
based glass systems. Suitable glass additives are commenaally available. 

Without wishing to be bound by theory, it is beUeved that the presence of the glass additive 
results in a stronger ceramic material being formed if the composition of the invention is 

15 exposed to elevated temperamre due to the glass softening or melting at a lower 
temperature than the other components. This is thought to assist in "binding- fte 
decomposition products of the siUcone polymer and/or the mica particles together. In tWs 
way fonnaiion of a coherent ceramic product is itaptov^ and it is possible to reduce die 
temperature required to form a comparatively strong ceramic material. If the levels of 

20 glass additive are 8% or less, the additive does not adversely affect dimensional stabiUty. 
ComposMons m accordance with the present invention may yield a coherent ceramic 
product that has essentially the same shape and volume as the composition before being 
exposed to elevated temperature. Such compositions can be described as retaining near net 
shape. 
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The softening point of the glass has an impact on the properties of the ceramic formed at 
elevated temperataies. Ghussea wifli rdativdy tow softening points provide enhanced 
mechanical sliength at lower temperatures than glasses with relatively high softening 
points. The mechatilcal strengtfi after cooUng from high tediperatures (e.g. lOOO'C) may 
30 be greater if a high softening point glass additive is used. A blend of glass additives 
having low and hi^ softening poinls may be used to piovide a composition which yields a 
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ceraxmc on beaOng v*idx develops gpod mechanical properties «ft«r exposure to a laxge 
range of tempt>iatud»s. 

The proportion of mica and glass additive inihe composilions of the present invention ate 
5 within the stated ranges. For cable appUcationB. vrhe« flie electrical resistivity of &e 
composition is important, tixe levels of mica and^or glass additive must be selected 
carefully. For a given coxnposition. if the level of mica is too bigh electrical integnly 
problems arise due to an unacceptable tedui^on in electrical redsHvity of the composition 
and/or ftom dielectric breakdovm wlien the compositions are aul^ected to high 
10 temperatu^s for an extended period of time. At high temperatures alkali metal ions ftom 
either the mica or the glass additive in the liquid phase tend to provide conductive 
p^ways, resulting in the need to limit the level of mica and/or the level of glass addrtive. 
For this reason it may also be appropriate to sdect a glass additive having a low alkah 
metal content Unexpectedly, it has also been found that the glass additive may improve 
15 the adhesion between an adjacent metal surface (eg the cable conductor) and the ceramic 
formed upon heating of compositions of the present invention. 

hi one embodiment the compositions of the present invention consist essentiaUy of the 
stUcone polymer, mica, glass additive and crosslinking agent This means that the 
20 compositions do not contam any other component which would materiaUy effect the 
properties of the composition and/or the ceramic formed upon heatmg the composition to 
devated temperature. 

In an atoemadvc embodhneni of the present invention other components may be 
25 incoipoiated into the compositions of the present invention. These other components 
include fiie retardant materials, inorganic fibres or other fibre reinforcing materials, 
materials that tcdmso thermal condncdvity (eg exfoliated vcrmiculitc), chemical foaming 
agents (which serve to reduce density, improve thermal characteristics and further enhance 
noise, attenuation), extending non-reactive fillers, ^lica, and intumesdng materials (to 
30 obtain a compoMtion that expands upon caqwsurc to fire or elevated tern Suitable 
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mtoimesdTig materials iaclude oatutai graphite, unejqwnded venniculite or unexpanded 
perlite. Other types of intumescing precursors may also be used, 

Tbst composWons of the present inventioii may be prqwred by blending and heating the 
5 various components. Healiog is required fat pcrojddc crossUnking of the siUcone polymer 
to form a riliconc elastomer. Any conventional compounding equipment may be used. Tf 
the composition has relatively low viscoshy. it may be processed using dispersing 
equipment, for instance of the type used in the pahrt industry. Materials usefiil for cable 
insulation appUcations arc of higher viscosity <hi0ier molecular weight) aod may be 
10 processed using a two roll mill, internal mixers, twin-screw extruders and the like. 
Depending upon the type of crosslinking agent^catalyst added, the conqwsitton dan be 
cured by exposure to air at 200*0, in an autoclave with high pressure steam, using 
continuous vulcanisation equipment including a liquid salt bath and, conceivably, by 
exposure to any medium that will cause the peroxide to decompose, including microwaves, 
15 ultrasonics etc. 

The compositions of the present invention may be used in a large number of plications 
where fire resistemce is desired. For example, the compositions may be used to form a fire 
resistant building panel or in the manufacture of ceramic products. iTie composition may 
10 be used by Itself or together with one or more layers of Other mat^ials. 

The compositions of the present invention may be provided in a variety of different forms, 
including: 

25 1. As a sheet, profile or conq;>lex shape. The composition may be fabricated into 
these products udng standard polymer psocesang (derations, ^ extrusion, 
moulding (including hot piesrang and injection moulding). The products formed 
can be used in passive fire protection systems. The con^^tion can be used in its 
own r^ht, or as a laminate or composite witii anolhcr material (for eicample, 

30 plywood, vcrmiculite board or oto). in one application the composition may be 

extruded into diapes to make seals for fire doors. In the event of a iire, the 
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composition is converted into a ceiamic thus forwing an effective mechanicai seal 
against the sjptead of fire aad smoke. 

2. As a pte-expandcd sheet or profile. This fonn has additional l>enefits compared 
5 with the ahove, including reduced weight and the capacity Ibr gieater noise 

attenuation and msulation during normal operating conditions. Porosity can be 
incoipoiated into the material during manu&ctuie of the sheet or profile by thermal 
degradation of a chemical blowing agent to produce a gas product, or by physically 
injecting gas into the con^sition befote curing. 

10 

3. As an intumescent product, which expands by foamidg when ^osed to heat or 
fire. In this application the product can be used, for example, around pipeworic or 
penetrations between walls. In the event of a fire the psroduct expands to fill the 
void and provide an effective plug to prevent die spread of fire. Tte intumescent 

IS material may be in the forai of an extrudable paste or a flexible seaL 

4. As a mastic material which can be applied (for cxan^ie fixma a tube as per a 
conventional silicone sealant) as a seal for windows and other articles. 

20 5. As a paint, or an aerosol based material, that could be sprayed or applied by with a 
brush. 

Ihe composhions of the present invention may also bo used in tlie manufacture of 
ceramics. In this aspect, the present invention provides a method for mamifacturing a 

25 ceramic article comprising a composition as herein described. The method involves 
shaping said composition to a desired shape and heating to elevated temperatures to 
thereby degrade die silicone polymer and form a solid material soch that a coh^cent mass is 
formed after cooling. Other conventional ceramic proce$$jt>g steps, such as sintering, may 
also be included in this method. The present invention also provides a method for 

30 producing ceramics u$ing polymer precursors involving silicone and other organosilicon 
polymers. In this aspect of the pre^t inventloru it has been found that the heating step 
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causcs UttLe or no volume roduction in the ardcle. Thus, the firing st^ can result in the 
production of near net shapes. 

Specific examples of passive fire protection apptications where this invention may be 
S applied include but are not limited to firewall linings for ferries, trains and other vehicles, 
fire partitions, screens, ceilings and linings, structural fire protection [to insulate the 
structural metal Bc&xAe of a buildiHig to allow it to maintain its required load bearing 
strength (or limit ib& core temperature) for a fibccd period of time], fire door inserts, 
window and door seals, intumesoent seals, and compounds for use in high voltage 
1 0 electrical boxes or similar applications. 

llie coixqpositions of the presost invention are especially useful in the coaling of 
conductors. The compositions are therefore suitable for the manu&cture of electrical 
cables that can provide circuit integrity in the case of fire. In "die design of such cables the 
IS compositions can be used as an extnided insuladon directly over conductors, as an 
interstice filler in mnlti-corie cables, as individual extruded fillers added to an assembly to 
round off the assembly » as an ixmer layer prior to Oie application of wire or tape armour or 
as an outer sheathinig layer. 

20 1ji practice the composition will be extruded onto the surface of a conductor. This 
extrusion may be carried out in a conventional manner using conventional equipment 
jypically the composition will be orosslinked immediately afler extrusion. The thickness 
of tlie layer of insulation will depend i^n the requirements of the particular standard for 
the size of conductor and operating voltage. Typically the insulation with have a thickness 

25 from 0.6 to 3 mm. For example, for a 35mm^ conductor rated at 0.6/lfcV to Australian 
Standards would require an insulation thickness of approxunately 1 .2 mm. 

The foUomng examples illustrate the present inventioiu 
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The compositiotis in all examples were based on a commercially available silicone 
elastomer, llie mean particle size of the mica was determined by sieve analysis and. 
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unless oAervwse indicated, the mica usjed 

mn. Glass fiit A has a sofientag point of 430-C and had the analysed composition: SiOz, 
33.5%; NaiO, 18^; KjO^ 10.8%; TiOa, 19.3%; P2O5, 1.8%; V^Os, 8.7%. Glass frit B has 
a softaning point of fiOO-C and had the analysed composition: SiOa. 39:2%; ZnO, 36,2%; 
5 NajO, 2.9%; K2O, 2.2%; CaO. 5.3%; MgO, 0.2%; Z1O2. 0.8%. Dicumyl peroxide was 
Included in the compositions far effecting tfiennal crossKnking. AU composilions listed in 
the examples are given in %wt/wt. The compositions were made by tiic procedure, 
desaibedhclow. 

10 A two-ioll mill was used to prqjMeflje compositions. The silicone elastomer was banded 
on tiie mill (1 0-20^ and first mica, and then the glass frits, were added and aUowed to 
disperse by separating and reoombirang Oie band of material just before it passed tiwou^ 
the nip of the two roUs. When these were uniformly dispersed hi tiie elastomer, the 
peroxide was added and dispeised in a similar manner. 



15 



20 



The compositions for the tests in Exan«)les 1-4 were tijcn removed from tiie mill as a 
sheet, and then pressed and vulcanized between two 10 mm steel backing plates covered 
witii sheets of 250 micron polyester fihn in a {dcture-fiame (1.7 mm or 3 mm thiclO mould 
for 30 minutes at I7(yc and 7 MPa. 



Example 1 
(A) 

25 Specimens of dimensions 50 mm x 14 mm x 3 mm, made from tiicrmaUy crosslinknd 
(170'*C, 30 minutes, 7 MPa) compositions containing silicone elastomer and peroxide with 
mica of differing particle sizes were heated to 600"C, 800°C and 1000°C for 30 minutes m 
air. Mica A is coaise mnscovite (mean particle size =160 \au), mica B is intermediate 
muscovite (mean particle size = 71 pm), mica B' is intermediate phlogopitc (mean particle 

30 si:fie « 70 pm) and mica C is fine muscovite (mran particle size = 32 pm). The flexural 
strcngfli of ti» cooled samples was detennined in tiiree pomt bend mode using an Instron 
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Universal Testing Machine. The results for muscovite grades A-C (Table 1) show that 
decreasing the mica particle ^zc increases the measured flexural strength o£ samples 
cooled from 600<'C, SOO^C and 1000°C. The measured increase in flexnral strengdi of the 
fine mica composition over the coarse mica composition is 69% at 600°C, 50% at 800°C 
5 and 124% at 1000*^. Comparison of the results for muscovite and phlo&>pite of 
essentially the same mean particle size (micas B and B*) show that at lOOOX: -ftie 
phlogopite containing composition has a much hi^ier flexural strength. 



Compositions (%wt/wt) 


Flexural Strength (MPa) 


<>00''C 




1000*C 


Silicoae/mlca A/pcroxidc (78:20:2) 


0.3 


0.7 


2.2 


SiUcone/mica B/peroxide (78:20:2) 


0.3 


0.8 


2.9 


SiUcone/mica BVperoxide (78:20:2) 




0.6 


9.3 


Silicone/mica CVperoxidc (78:20:2) 


0.5 


1.0 


4.9 



Table 1 Flexural strength of silicone coinposition$ containing mica grades of diflFering 



10 mean particle size« 

- sample not tested* 

CB) 

15 Experimental cable sections were fabricated with 35mm^ conq)acted copper conductor 
insulated with siticone/mica/pccoxide (68:30:2) compositions made using a coaise (mean 
particle size 160 ^.m) grade of muscovite mica (A) and a finer (mean particle size = 39 
^m) grade muscovite (mica D). The insulation pn the cables was crossHnked under 
pressure (170X, 30 minutes). The cables were then heated at lO^C per minute to lOOO^C 

20 for 30 nunutes. Inspection of the fired cables revealed substantial longitudinal and 
transverse cracldng In the cciamic formed ftom the insulation and exposed conductor on 
the cable made with the finer mica» a result of mcessivc shrinkage during fomiation of the 
ceramic. The ceramic coating on the cable made with the coarse mica was crack free and 
no conductor was OT^osed. 

25 
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Flat sheet specimens of dimensions 50 v^t^ x 14 mm x 3 mm» made £:om thermally 
crosslinked (170'*C, 30 minutes, 7 MPa) compositions containing silicone elastomer and 

S peroxide with two dififerent classes of mica of differing particle sizes were heated to 
lOOO^C for 30 minutes. The silicone/mica/poraxidc ratio of the compositions was 78:20:2, 
'ilic results (Tahie 2) show that for con^parable particle si2:es^ specimens made ftom 
phlogopite mica exhibit sigoificanlly hither linear shrinkage &an the eqmvalent muscovite 
mica, specimens. Tins indicates that the use of muscovite nnica is preferable to the use of 

10 phlogopite nucaforthe dimensional stability of fixed Gompositic^ 



Mlea Grade 


Coarse 


Fine 


Mica Class 


Muscovite 
(mica B) 


Phlogopite 
(nucaB") 


Muscovite 
(micaC) 


Phlogopite 


Mean Particle Size 


71 ^m 


70}mi 


32 tun 


20|iun 


Linear Shrinkage (%) 


2.1 


12.8 


2.9 


13.3 



Table 2 The effect of mica class on linear shrinkage of silicone/miea/paroxide specimens 
fired to 100(rc for 30 minutes. 



15 (D) 



The mechanical properties of the crosslinked (170^C, 30 minutes, 7 MPa) compositions 
shown in Table 3 were deteraiined. The results show that the tensile strength and pefceni 
elongation values decrease with increasing mean particle size of the mica in tiie 
20 Crosslinked compositions. 
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Composition 


Mean mica 
particle size 

(»««) 


Tensile Str^gth 
(MPa) 


Elongation % 


Silicone/peroxide (98:2) 


na 


7.5 


295 


Silicone/nt)ica D/peroxide (78:20:2) 


39 


5.8 


205 


SlHcone/micaB/peroxide (78^0:2) 


71 


4.5 


170 


Silicone/mica A/peroxide (78:20:2) 


160 


3.2 


25 



Table 3 Teasile strength and percent elongation values for crosslinkcd compositions with 



differing mean particle size of the mica, 
na « not applicable 



S Example 2 

Specimens of dimensions 3BA mm x 133 mm x K7 mm, made &om themiaUy crossiinked 
(170^C, 30 minutes, 7MPa) compositions containing tiie silicotye elastomer and peroxide 
with 20%wt/wt and 30%wtAvt mica and differing levels of a low softemng point glass fiit, 
10 were heated to the temperatures indicated ai 1 OX per minute and then held at cither 600^C 
or 1030X: for 3D minutes in air. The percentage changes in volume for Ute cooled samples 
are given in Table 4 below. The results show that if the levels of the glass frits are 
increased to 109^, there is sigmficant dhrinlcage of die compositions at lOSO^'C. 



Composition (%wt/wt) 


600*C 


losot: 


Silioone/mica^eroxide (78:20:2) 


+7 


+1 


SilioonesAnioa/glass fiit A^eioxidc (73:20:5:2) 


+7 


0 


Silicone/mica/glassftit A/i>eroxidc (70.5:20:7.5:2) 


-} 


-7 


Silicone/xnica/glass frit A/peroxide (68:20: 1 0:2) 


+6 


-22 


Silicone/mica/glass frit A/pecoxide (63:30:5:2) 


+7 


-I 


Silicone/mica/glass fin't A/petoxide (58:30:10:2) 


+2 


-45 



15 



volume change. 
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Example 3 

Specimens of dimensions 38.1 mm x 133 mm x 1.7 mm. made from thefmally ctosslinkcd 
(170»C, 30 minutes, TMPa) compositions containing silicone cdastomer and perodde wiih 

5 20%y^ and 30%wtA»vt mica and differing levels of a 1^ 

were heated to 600«C for 30 minutes in air. Hie penetration load of the cooled samples 
was determined nsmg an Instron Universal Testing Machine vrith a 90» cone tip indcntor 
attached to die upper loading fiamc. Tbc penetration load is the peak load irttained as die 
indentor penetrates and subsequendy ftactuics the specimen. The flat fimd ceramic 

10 specimen was placed on a wooden flat plate, to mmimise the damage to the cone tip cansed 
by the bottom steel component, and die peneliatioa load was measowd using a speed of 1 
mm/min. The results (Table 5) show that tiiene is a synergistic improvement in the 
penetration load by using a combination of the mica and the low softening point glass fiit 
Thus 20% mica alone and 7.5% glass ftit alone ^ve penetration loads of 26 and 4 N 

15 respectively, but tiie combination of the two gives a vahie of 45 N. The penetration load of 
the compositions containing both mica and glass fiit increases as tiic level of glass frft 
increases. » 



Composition (%wt/wt) 


PCTetration load 
(N) 


Silicone/glass ftit A/peroxide (90.5:7.5:2) 


4 


SiKcone/mica/peroxide (78:20:2) 


26 


Silicone/mica/glass frit A/petoxide (73:20:5:2) 


40 


SUicone/mica/glass frit A/peroxide (70.5:20:7.5:2) 


45 


Silicone/mioa/ glass ftit A/peroxide (68:20:10:2) 


56 

■ 



20 load fix specimens cooled after heating to 600<^ for 30 minutes. 
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Example 4 

Specimens of dimen$ioiis 50 riiin x 14 rain x 3 nun, made from thcrmaUy crossUnked 
(170'K:« 30 mimites, 7 MPa) compositions oontoining saUcone elastomer and peroxide with 

5 mica and diflfering levels of dther low or higji softening glass frits (frit A and B 
respectively) wert heated to 600»C, SOO'C and 1000«<: for 30 minutes in air. The flcxoial 
strength of the cooled samples vras determined m Ihree pohrt bend mode using an Instion 
Univeisal Testing Machine, the results (Table 6) show that *e combination of 
siUcone/nuca/glasa frit produces synergistic mi^venaents in flcxuial strength over 

10 sUiconetoica and siUcone/glass frit compositions. (Compositions of 2,5% glass frit A in 
silicone and 20% mica in silicone fired to 1000°C produce flexoral strengths of 0.5 and 22 
MPa respectively. The combination of aUcone/mica/glass frit produces flexuml streagftis 
of 3.2 MPa using 2.5% of frit A and 5.8 MPa using 2.5% of frit B. llie results show tfiat 
the high softening point glass is more effective in enhancing flexural sttcngflj after firing at 

15 this high temperature* and that reducing the content of frit B to 1.25% reduces the flexural 
strength to 42 MPa. 

For samples fired to 800*C, the results show that the addition of a high softening point 
glass frit (frit B) provides no strength improvement over a silicone/mica composition. 
20 However, the addition of a low softening point glass frit (frit A) to silicone/mica results m 
a three-fold mcrease in the flexural strength of samples fired t» 800*C (0.7 MPa vs. 2.1 
MPa). 
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CoraposUioiis (%wt/wt) 


FlexuralStreng^ (MPa) 




800<>C 


1000»C 


Silicone/peroxide (98;2) 




« 


0.1 


Siliwne/gjass ftit A/peroxidc (95.5:2.5:2) 




0.5 


0.5 


SilicoTie/tnica/peroxide (78:20:2) 


0.3 


0.7 


2-2 


Silicone/tnica/glass frit A/peroxide (75,5:20:2.5:2) 




2.1 


3.2 


Siiicone/miea/glass fnt B/peroxide (76.25-^0:1 .25:2) 


0.3 


0.7 


4.2 


Silicone/mica/gla» frit B/peroxide (75.5:20:2^:2) 


0.4 


0.6 


5,9 



Table6 The effect of mica and glass ffit additions en the fle^^ 
cooled after heating to 600^, 800«C and lOOO^C for 30 niiniites in air. 
5 ■•^ " samples too weak to be tested; 
- s sample not tested 



Examples 

10 Samples of iiw tfaennally crossMnked (170*C; 30 niimites) compositions listed in Table 4 
were heated at 10°C per minute to l600«C. During heating a voltage was placed across the 
samples and the cunent flow in the ciwuit was monitoied by an ammeter. 'iTaa lesuhs were 
then converted to volume icasUviacs by applying Ohm's I-aw. It is known lhat electrical 
resistivity decreases with increaang temperatorc, especiaUy m glasses which contam 

15 moWle ions. A decrease in volume resistivity (mcrease hi current flow) with increasing 
temperature is observed av«: the measured tempenrtures of 900°C, 950»C and lOOO^C for 
. all of the different con^ositioiB as diown in Table 7 below. 

The addition of aUcah-coirtaining mica to silicone causes a reduction in volume resistivity. 
20 The reduction in volume resistivity is slightiy greater if phlogopite mica (e.g. nuca BO is 
used instead of muscovite mica, llie addition of a high-alltali, low softening pohii glass 
fiit (frit A) to silicone/mica causes a large reduction in volume resistivity, a result of ihe 
high levels of sodium and potassium in the frit When the bigh-aUcali fiit is replaced by a 
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high softenii^ point, low-alkali fiit (frit B), the reduction in volume resistivlly for 
silicone/mica is only modest Reducing the level of mica in a silicone/mica/glass frit 
composition by partial replacement of the mica with an alkali-free ftilicate AUer has the 
.effect of incxeasing (be resistivity of the compound. 



5 



CompositioB (%wt/wt) 


Volmuc Rcsistmty (ohm-cm) 


900»C 


950»C 


lOOtt'C 


Sillccnc^peioxide (98:2) 


High, off 
scale 


2.0x10' 


1.0 X 10' 


Silicone/mica/peroxide (68:30:2) 


3,1 X 10' 


4,5 X 10* 


1.8 X 10* 


Silicone/mica B'/peroxide (68:30-^) 


5.6x10* 


2.1x10* 


5.6 X 10* 


Siiicone/mica/glass £it A/peroxide 
(65.5:30:2.5:2) 


t.Ox 10^ 


6.0x10* 


3,2x10* 


Silicone/mica/glass fiit B/pej»xidc 
(6S.5:30:2.5-.2) 


6JxlO* 


23x10* 


6.7 X 10* 


Silicone/mica/alkaIi-fi«e filler/glass fiit 
B/peroxid© (65.520:10.'2.5j2) 


1.5x10^ 


5.21 X 10* 


1.4x10* 



Table 7 Efifect of level of mica and glass fiits on the electrical volume resistivity at high 
tempeTatures. 



Example £ 

0 

Performance in a fire test 



Bxperimental cables were made with LSmm^ plain copper conductors insulated in one case 
with a silicone/mica/peroxide (78:20:2) composition and in another with a 
5 silicone/mica/glass ftit B/peroxide (76.75:20:1,25:2) composition, llie compositions were 
crosslinked during production. These insulated conductors were twisted together and 
sheathed with a commercially available, halogen^free fire retardant thermoplaistic 
sheathing material. The cables were tested while enei^sed at 240 Volts (phase to earth) b 
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the fire and mechaDical shock test as described in flie Britidi Standard test BS6387 at 
950-C for 15 niinutes with a severe mechanical shodceve^ It was found that 

the oonductora insulated with die silicone elastomer and mica compoation foiled this test, 
while the conductors insulated with the siUcone eJastomw. mica and glass frit composition 
5 successfully witihshrodflie conditions. 

£xample7 

The following compoaitians were prepared: 

10 - Composition l-Sfficone/mica/iieroxide (78:20:2) 

■ Composition 2 - SUicone/mica/glass ffit A/petojdde (70,5:20:7.5-^) 
These were compression moulded with heating (150^. 30 minutes) into panels (1200 mm 
X 900 mm x 10 mm) that were tested to assess relative fire resistance as measured by 
integrity feiliire according to the AustraKan Standard AS 1530 Part 4: Fire resistance tests 

15 of elements of building construction - Pilot furnace test. The panels were held xsp against 
the door frame of a gas-fired furnace that operates under positive pressure, and the sanqiles 
were tested to the standard cellulose heating curve spedfiod in the test vAas^ largeis 
temp^atures rising to 1 ISO^C over 240 minutes, hitegrity frulure is relevant for conqparuig 
materials that are intended to resist the passage of flame and was measured as the pomt 

20 where flame burst throu^ first occurred; for composition 1 this was 24 mmutes (when the 
average measured funiace fceraperatuiB was 821*C) and for composition 2 this was 97 
minutes (when the average measured ftucnacc temperature was 1 023''C)- The results show 
that addition of the glass frit markedly improves performance as a fire banter material. 

25 Examples 

A sample of compound 2 from Example 7 was extruded into a door seal, crosslinked 
C170°C, 30 minutes) and fired at 1000*C. The samirfe demonstrated a high degree of s 
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structural integrity, mahriainrng the stuipe of the door seal after &ing and displaying oi»ly 
minor shrink^e. 
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